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NATIONAIL ADVISORY COMMITTEE FOR AFERONAUTICS

TECHENTICAL, NOTE NO. 1669

INVESTIGATION AT LOW SPEEDS OF THE EFFECT OF ASPECT RATIO
AND SWEEP ON STATIC AND YAWING STABILITY DERIVATIVES
OF UNTAPERED WINGS

By Alex Goodman and Jack D. Brewer

SUMMARY

A low-scale wind-tunnel investigation was conducted in both straight
and yawing flow to determine the effects of agpect ratio and sweep
(when varied independently) on the static and yawing stability derivatives
for a series of untapered wings. The curved-flow equipment of the ’
Langley stability tunnel was used for the tests.

The effects of sweep on the static stability characteristics,
namely, lift-curve slope, drag, and the effective-dihedral parameter,
generally became smaller as the aspect ratio decreased.

For constant sweep angle, the magnitude of the damping in yaw
decreased with an increase in aspect ratio for the low lift-coefficient
range. At some moderate 1lift coefficient, this derivative changed sign
(became positive) for the 45° and 600 swept wings. For unswept wings,
the experimental data indicated that the rolling moment due to yawing
is very nearly proportional to the 1ift coefficient until maximum 1ift
is attained. For the sweptback wings, linear variations of rolling
moment due to yawing were obtained over only a limited lift range; at
high 1ift coefficients, the values of the rolling moment due to yawing
decreased and in some instances became negative near maximum 1ift. The
rate of change of rolling moment due to yawing with 1ift coefficient
usually increased with both sweep and aspect ratio for the low 1ift-
coefficient range. In general, the data at low and moderate 1ift coeffi-
cients were in fair agreement with a simple sweep theory.

INTRODUCTION

Egtimation of the dynamic flight characteristics of airplanes
requires a knowledge of the component forces and moments resulting from
the orientation of the airplane with respect to the air stream and from
the rate of angular motion of the airplane about each of its three axes.
The forces and moments resulting from the orientation of the airplane
ugually are expressed as the static stability derivatives, which are
readily determined in conventional wind-tunnel tests. The forces and
moments related to the angular motions (rotary derivatives) have generally
been estimated from theory because of the lack of a convenient experi-
mental technique.
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The recent application of the rolling—flow and curved—flow principle
of the Langley stability tunnel has made equally possible the determination
of both rotary and static stability derivatives., Preliminary tests made in
the Langley stability tumnel to investigate characteristics of swept wings
indicated that, although the rotary stability derivatives of unswept wings
of moderate or high aspect ratio can be predicted quite accurately from the
available theory, the use of sweep — and, perhaps, low aspect ratio —
introduces effects which are not readily amenable to theoretical treatment.
For this reason a systematic research program has been established for the
purpose of determining the effects of various geometric variables on both

rotary and static gtability characteristics.

The present investigation, which represents a part of the general
program, is concerned with the determination of the effects of independent
variations of the aspect ratio and the sweep angle on the static and
yawing stability characteristics of a series of untapered wings.

SYMBOLS

The data are presented in the form of standard NACA coefficients of
forces and moments,which are referred in all cases to the stability axes,
with the origin at the quarter-chord point of the mean aerodynamic chord
of the models tested. The positive directions of the forces, moments,
and angular displacements are shown in figure 1- The coefficients and
symbols used herein are defined as follows:

C;  1lift coefficient (L/gS)
Cp drag coefficient (-X/qS)
CDi induced-drag coefficient
Cy lateral -force coefficient (Y/q8S)

rolling-moment coefficient (L'/aSb)

Cp pitching-moment coefficient (M/qST)

Ch yawing-moment coefficient (N/gSDb)
L 1ift

X longitudinal force

Y lateral force

L rolling moment about X-axis
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pitching moment about Y-axis

yawing moment about Z-axis

dynamic pressure (%ﬁV%>

mass density of air

free-stream velocity

wing area

span of wing, measured perpendicular to plane of symme try
chord of wing, measured parallel to plane of symme try

distance measured perpendicular to plane of symetry

2 b/e 2
mean aerodynamic chord §-Jf ¢ 4y
0

chord normal to leading edge

distence of quarter-chord point of any chordwise section from
leading edge of root section measured parallel to plane of

symmetry
distance from leading edge of root chord to quarter chord

5 [ib/2
of mean aerodynamic chord é- cx dy
0]

agpect ratio (b2/S)

angle of attack, measured in plane of symmetry

‘angle of sweep, degrees

angle of yaw, degrees

latéral flight-path curvature (for constant sideslip, ratio of
gsemispan to radius of curvature)

yawing angular velocity, radians per second
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APPARATUS AND TESTS

The tests of the present investigation were conducted in the
6- by 6-foot curved-flow test section of the Langley stability tunnel.

In this section curved flight is simulated approximately by directing v
the air in a curved path about a fixed model.
The models tested consisted of a serles of untapered wings, all of
which had NACA 0012 airfoil sections in plenes normal to the leading edge-
The model configurations are identified by the following designations:
Wing Aspect ratio Sweepback
(deg)
1 \L 0
2 1.3k ] L5
3 J i 60
L 0
5 2.61 9 45
6 60
e A et o - — e - a—— L
7 0
8 5.16 b5 .
9 60

The wing plan forms and other pertinent model data are presented in
figure 2. The models were rigidly mounted on a single strut at the
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quarter-chord point of the mean aerodynamic chord. (See fig. 3.) The
forces and moments were measured by means of electrical gtrain gages
mounted on the strut.

All the tests were made at a dynamic pressure of 2L4.9 pounds per
square foot, which corresponds to a Mach number of 0.13. The sweep

angles, the aspect ratios, the Reynolds numbers, and the values of %9

corresponding to the four air-stream curvatures used are presented in
table I. The first Reynolds number given is, as 1s customary, based on
the mean aerodynemic chord and the free-stream velocity. Some evidence
is avallable to indicate that a Reynolds number based on the chord and
velocity normal to the leading edge is of greater significance than the
conventional Reynolds number with regard to separation phenomena. (See
reference 1.,) For this reason the second Reynolds number has been
included in the table.

The aerodynemic characteristics of the wings were determined in
both straight and yawing flow. In the straight-flow tests six-component
measurements were obtained for each wing through an angle-of ~attack range
from approximately zero 1lift up to and beyond maximum 1ift at angles of

yaw of 0° and +5°. The yewing-flow tests were made for zero yaw angle

and at four different wall curvatures corresponding to the values of Ib

2v
shown in table I. Each model was tested in yawing flow through &n sngle-
of -attack range from approximately zero 1ift up to and beyond maximum
1lift.

CORRECTIONS

The following corrections for Jet-boundary effects were applied to
the data:

ALy = KCZT
= 573845
C¥L
S, 2

50D = B0y
where
By boundary-correction factor obtained from reference 2
C tunnel cross-sectional area

CZT uncorrected tunnel rolling-moment coefficient

K correction factor from reference 3 modified for epplication to
present tests
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The lateral-force coefficient has been corrected for the buoyancy
effect of the static-pressure gradient associated with curved flow,
according to the following equation:

= 4.0 Xb
Ay = 055 57

where v 1is the volume of the model .

An approximate angle-of-attack correction for deflections resulting
from the aerodynemic loads has been applied to the data of the present
investigation.

The values of Clr have been corrected for the tare asgociated

with the induced load resulting from the presence of the strut with the
wing at zero angle of attack. The same correction was applied throughout
the angle-of -attack range. No other tare corrections have been applied
to the data. No corrections have been applied for the effects of
blocking or for any effects of turbulence or static-pressure gradient

on the boundary-layer flow.

RESULTS AND DISCUSSION

Presentation of Datsa

The static stability characteristics of the present series of wings
are given in figures 4 to 9. Results of the tests made through the .
angle~of -attack range for +5° yaw are not presented because they were
used only for determining the lateral stability derivatives presented
in figures 8 and 9. The basic yawing-flow data for a part of the present
series of wings are presented in figure 10. The yawing stability charac-
teristics are presented in figures 11 to 1h.

Characteristics in Straight Flow

Lift.- In general,the maximum 1ift coefficient obtained for the
wings tested increased with sweep for constant aspect ratio (fig. 4).
Since the tests were made at low Reynolds numbers (see table I), very
little significance can be attributed to this result. Past experience
has shown that the meximum 1ift coefficient for an unswept wing decreases
as the scale of the test decreases. Comparison of results from large-
scale tests of tapered wings made in the Ames 40- by 80-foot wind tunnel
with low-scale test results indicates that, while such a decrease can
be quite large for unswept wings, it may be relatively small for highly
swept wings.
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An application of simple sweep theory given in reference 4 indicates
that CLu may be expressed by the following relation:

(A +2)
@IU)A= A : 2 c:;:SJAA (CLO")A=OO

The variation of CLa with sweep angle determined from these tests is

compared in figure 5 with the values of Cla obtained from the afore-

mentioned relation and by the theory of Weissinger (reference 5). A
section lift-curve slope of 0.105 was used for the Welssinger computations
because it wag considered appropriate for the conditions of the present
tests. In general, the two theoretical methods yield approximately the
same results, although the Weissinger method is in better agreement with
experiment at low aspect ratios and the simple theory is in better
agreement with the results at the high aspect ratios. Both theories

are in qualitative agreement with experiment in that they show that the
effect of sweep becomes smaller as the aspect ratio decreases.

Drag.- Theoretical calculations (reference 6) have shown the relation

CL2
p; = T

for the induced drag of unswept elliptic wings to be approximately correct
for the Induced drag of swept wings also. Curves of CLQ/ﬂA are included
in figure 4 for comparison with the experimental drag curves. The
difference ACD between the total drag and the induced drag represents
that part of the drag not ideally associated with the 1ift. For some of
the wings (particularly the low-aspect-ratio wings 1, 2, and 4), the
increment ACp decreases with an increase of 1lift coefficient, and at

the same time the lift-curve slope increases. This effect probably
results from a reduction in the abllity of the trailing vortices to
produce downwash in the plane of the wing as the angle of attack increases.
Tests (reference 7) of other low-aspect-ratio wings gave similar results.
The high drag coefficients (particularly at low 1lift coefficients)
obtained for wings 8 and 9 probably can be attributed to the drag of

the steel model support bracket used for mounting these wings in the
tunnel. (See fig. 3(b)).) The increment ACpD generally was consid-
erably larger at high 1ift coefficlents for swept wings than for

ungwept wings. The effect of sweep on ACD became smaller, however,

as the agpect ratio decreased.

Longitudinal stability.- The effects of aspect ratio and sweep on
the longitudinal stability at high 1ift coefficients for the wings of
the present tests are in good agreement with the results of reference 8.
The region indicating the boundary between satisfactory and unsatis-
factory longitudinal stability at high 1ift coefficients, obtained from
figure 41 of reference 8, is reproduced in figure 6 of the present paper.
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The positions in figure 6 of wings 6, 8, and 9 indicate unfavorable
longitudinal stability at high 1ift coefficients, which is shown by the
pitching-moment curves of figure 4. Figure 4 indicates that wings 3

and 5, although in the boundary region in figure 6, and the remaining
wings, located in the stable region in figure 6, have favorable longitu-
dinal stability characteristics at high 1ift coefficients.

The effect of both aspect ratio and sweep on the aerodynamic-center
location is shown in figure 7 to be small for the untapered wings of the
present investigation.

301, o
Iateral and directional gtability.- The slope 3 obtained from
' L

figure 8 is plotted against sweep angle in figure 9 and compared with

1
values of 7;&; obtained from the relation

B1y\ [ Ly ,Lltana (A+2cosn
BCLA Xy, o0 L 57.3 \A + L cos A
oy,
from reference 4. The experimental values of ) were used in
‘L A=0°

the foregoing expression to arrive at the calculated values for the gwept
wings. The agreement in most cases is good, although the theoretical
values appear to underestimate the effects of sweep. At some moderate
1lift cosfficient the variation of ClW with Cp, became nonlinear. The

1ift coefficient at which this condition occurred decreased with sweep.
As in the case of CLm, the effects of sweep on CZW became smaller as

the aspect ratio decreased.

The derivatives an and CyW are generally erratic. (See fig. 8.)

It should be noted that C was almost always negative (indicating
positive stability) at low and moderate 1ift coefficients but became posi-
tive before meximum 1ift was reached. It appears that the instability of
the wing alone near maximum 1ift may be large enough, in some cases, to
overbalance the stabilizing effect of the vertical tail for the complete
girplane.

Characterigtics in Yawing Flow

Damping in yaw.- Theoretical values of Cn, obtained from reference L

are compared with the experimental results in figure 11. The effects of
profile drag have been included in these theoretical values. In general,
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the theoretical and experimental variations of Cp, with Cj agree

very well over a moderate range of 1lift coefficient. For constant sweep
angle, Cnr decreased with an increase in aspect ratio for the low

lift-coefficient range. At some moderate 1lift coefficient, the damping
in yaw changes sign and becomes positive for wings 3, 5, 6, 8, and 9.
The 1ift coefficient at which this change occurs tends to decrease with
an increase in aspect ratio and sweep.

Rolling moment due to yawing.- Experimental and theoretical values
of the rolling moment due to yawing €3, plotted against 1lift coeffi-
cient are compared in figure 12. In general, the theory appears to
underestimate the effects of sweep on this derivative. For unswept
wings (wings 1, 4, and 7), the experimental data indicate that 1,
is very nearly proportional to the 1ift coefficient until maximum 1ift
is attained. For the sweptback wings, linear variationg are obtained
over only a limited 1ift range; at high 1ift coefficients, the values
of Cpp, decrease and, in some instances, become negatlive near maximum

lift.

Comparisons of the experimental and theoretical values of the
slope oC1p,/CL, taken at low 1ift coefficients, are presented in
figure 13. The trends resulting from sweep and aspect ratio appear
to be properly predicted by the theory, although the magnitude of the
effect of sweep is considerably underestimated. In general,the
slope BCzr/BCL increages with both sweep and aspect ratio.

Lateral force due to yawing.- In figure 14, the variation of the
experimental and theoretical values (reference L) of Cyy with lift
coefficient is presented. This derivative is probably of very little
gsignificance.

CONCLUSIONS

The results of low-gcale tests made 1n both straight and yawing
flow on a series of untapered wings to determine the effects of aspect
ratio and sweep (when varied independently) on the static and yawing
derivatives (for zero sideslip) indicate the following conclusions:

1. In general, the effects of sweep on the static stability charac-
terlistics, namely, 1ift-curve slope, drag, and the effective-dihedral
parameter, became smaller as the agpect ratio decreased.

2. For constant sweep angle, the magnitude of the damping in yaw
decrecasgsed with an increase in aspect ratio for the low lift-coefficient
range. At some moderate l1ift coefficient, this derivative changed sign
(became positive) for 45° and 60° swept wings .
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3. For unswept wings, the experimental data indicate that the
rolling moment due to yawing is very nearly proportional to the 1ift
coefficient until maximum 1ift is attained. For the sweptback wings,
linear variations were obtained over only a limited 1lift range; at high
1ift coefficients, the values of the rolling moment due to yawing
decreased and, in some instances, became negative near maximum 1lift. The
rate of change of rolling moment due to yawing with 1lift coefficient
usually increased with both sweep and aspect ratio for the low 1lift-
coefficient range. ‘

4. In general, the data at low and moderate 1lift coefficients were
in fair agreement with a simple sweep theory.

Langley Aeronautical Laeboratory
National Advisory Commlttee for Aeronautics
Langley Field, Va., March 29, 1948
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